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Workers in this laboratory have long been interested in the production of 
plasma proteins and the fluid exchange.which goes on between the circulating 
plasma proteins and various body tissues.  Ascites comes into consideration 
in such relation and the experimental method of vena cava constriction was 
used to study the body protein exchange due to ascites.  As the experiments 
continued it was obvious that this method presented an admirable technique 
for the study of ascites and some of the related medical problems.  Further- 
more, the ascites was not complicated by the presence of extensive liver pathol- 
ogy and was due to venous stasis in the portal area.  Ascites was produced 
in the dog by placing a  constricting aluminum band on the inferior vena cava 
between the diaphragm and the right auricle. 
This method of vena cava constriction was used by one of us (G. H. W.) in 
19(O-10 to produce ascites.  The partial obstruction was caused by sutures 
put in the vena cava to produce narrowing of the lumen.  This condition would 
last many weeks and then the sutures would cut through with relief of the ob- 
struction and complete absorption of large amounts of ascitic fluid in a matter 
of hours.  In  these experiments there was no significant liver pathology re- 
maining  after  relief of  the  obstruction.  As  these  earlier  experiments were 
incidental to a  study of liver abnormalities (17) they were soon discontinued. 
The tables below show clearly that vena cava obstruction and the resultant 
ascites may produce a considerable drain on protein reserve stores and a hypo- 
proteinemia.  As the ascitic fluid is removed at frequent intervals, there re- 
sults a  continuing internal plasraapheresis.  The term plasmapkeresis as used 
here means the removal of whole blood with subsequent replacement of the 
red cells suspended in a  salt solution.  As the procedure is used day by day 
one observes an hypoproteinemia which can be maintained for months at an 
even level.  This technique has been used extensively to study the production 
of new plasma proteins as influenced by diet factors (10, 12-14). 
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Constriction of the vena cava between the right auricle and the diaphragm is not 
a  new procedure, but previous investigators have used the method for entirely dif- 
ferent purposes.  In 1903, Bolton (2) attempted a  study of "cardiac dropsy," arti- 
fically induced in cats by constriction of the pericardium which interfered with the 
diastolic filling  of the heart.  The  method,  however,  proved unsatisfactory for a 
large series  of experiments because so many of the animals died from the operation 
or recovered perfectly without developing dropsy.  Bolton then (3, 5) constricted the 
inferior vena cava and found that complete occlusion led to death in a  few hours. 
The vein had to be constricted three-fifths of its diameter to produce any dropsy. 
In another  publication  (4)  he  stated  that  ascites  due  to  incomplete  obstruction 
gradually increased to a  certain point of time---persisting for about 2 to 3 months-- 
when it disappeared with  the complete establishment  of collateral circulation.  In 
this same paper he reported an experiment on a monkey in which the inferior vena 
cava was constricted to one-hat[ its diameter and the animal killed 1 year later.  At 
autopsy he found the vein occluded completely by scar tissue, and the liver enlarged 
with the appearance of the human "hob-nail" liver.  Microscopically, he found no 
inflammatory changes, but areas  of central  degeneration  which blotted  out entire 
lobules  in many places.  The  portal  cafials  showed early fibrosis  and  thickening. 
Later reports  (6,  7)  discussed further observations of similar  experiments  in cats, 
with a description of the pathological changes in the liver and speculations about the 
origin of the ascitic fluid. 
In 1930 Zimmerman and  HiUsman  (18)  reported a  series  of similar  vena  caval 
obstructions in dogs, using an aluminum band.as the constricting agent.  They found 
that necrosis of the liver followed the simple mechanical obstruction, the extent of the 
necrosis being proportional to its amount.  Repair was found to begin as early as 
6 days after partial ligation and to progress to fibrosis  about the central veins, with 
marked distention of the subcapsular venous sinusoids.  Fibrosis increased for about 
85 days following ligation and remained stationary at 216  days, which was the du- 
ration of the longest experiment.  The conclusion from these experiments was that 
central fibrosis  could result without infection and was due to active proliferation of 
connective tissue. 
Simonds and  CaUaway (16)  reported  anatomical changes  in the livers  of dogs, 
following mechanical constriction of the hepatic veins, and Armstrong and Richards 
(1) tied the hepatic veins in the abdomen and their dogs developed an anemia and 
hypoproteinemia. 
Kershner et a/. (11) described a three-stage procedure for ligating the inferior vena 
cava above and below the liver for the purpose of studying the anatomy of hepatic 
veins.  They described the anatomic relationships between the hepatic veins and the 
posterior vena cava in the dog.  The method apparently carried a  high mortality 
with only four of forty-six dogs used surviving the series of operations. 
Methods 
The dogs used in these experiments were healthy anlrnalg which had been maintained on a 
kennel diet of hospital scraps for many months prior to the studies.  They were placed in 
metabolism  cages in a  room convenient  for constant observation.  Dog 42-893, a  beagle 
mongrel female, was used in a pUot experiment  to determine  the effects of the operation 
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the nitrogen balance was concerned, emphasis being placed on the blood protein determi- 
nations, weight, and fluid intake and output.  As the experiment progressed and the dog's 
health  remained essentially unchanged,  additional  determinations  were added  to  include 
urinary nitrogen determination, fibrinogen levels, occasional fecal nitrogen studies, and later 
sodium chloride studies.  The second dog, 40-37,  a  mongrel spaniel male, obstructed at a 
later date, presents a  more adequate preparatory study including nitrogen balance studies. 
The operation performed to constrict the vena cava is comparatively simple owing to the 
anatomic relationship of the dog in which a 3 inch segment of vena cava is present between the 
diaphragm and the right auricle.  The animal was anesthetized  by nembutal intravenously 
(1 grain per 2.4 kg. body weight).  The right chest was entered through an incision between 
the 6th and 7th ribs, proper hemostasls and asepsis being observed.  Oxygen under positive 
alternating pressure  (8) was used to m~dntaln inflation of the right lung during the intratho- 
racic portion of the procedure.  A  self-retalnlng retractor provided an ample field for ap- 
plication of the constricting band,  thereby avoiding a  rib resection procedure.  The vena 
cava was freed from its membranous attachments,  the phrenic nerve dissected away, and 
calipers inserted to determine the diameter of the vessel.  The constricting band, consisting 
of a strip of thin pliable aJ,rninum I cm. in width, was then applied and the vessel narrowed to 
about one-half to one-third its former diameter, that is, from 1.0--1.2 cm. to 0.4--0.5 cm.  The 
wound was then dosed in layers, a jacket applied to the thorax, and the oxygen discontinued. 
Ascitic fluid accumulation began rather promptly in all cases. 
Determinations of plasma protein and ascitic fluid protein were made by macro-Kjeldahl 
method.  Plasma albumin and ascitic fluid albumin were measured by the methanol pre- 
cipitation method of Piilemer and Hutchinson (15), followed by macro-Kjeldahl study of the 
filtrate.  Fibrinogen was determined by the micrc~Kjelclahl  analysis of the clot following 
calcium chloride precipitation.  Urinary nitrogen was determined on 48 hour samples by the 
mscro-Kjeldahl method.  Fecal nitrogen determinations were made on 1 week pooled speci- 
mens, but were discontinued after several determinations yielded weekly amounts of less than 
3 gin. total nitrogen. 
The low protein did consisted of 100 gin. of a sucrose,  lard, bone ash mixture, with added 
vitamins plus 30 gin. of cooked horsemeat and had a daily nitrogen content of 1.4 gin.  Ferric 
citrate (60(/rag. iron)  was  added daily. 
The high protein did consisted  of 300 gm. of cooked horsemeat with added vitamins and 
ferric citrate and contained 13.4 gin. of nitrogen daily.  Soy bean meal was used in one case 
(Table 1).  This diet  consisted of 200 gin.  of cooked soy bean meal mixed with 200 gin. of 
cooked horsemeat and having a daily nitrogen content of 13.6 gm. 
Nitrogen balance was determined by subtracting nitrogen  output  (ascitic fluid and urine) 
from nitrogen  intake  (diet). 
El~trophorelic studies of plasma and ascitic fluid were performed by Dr. Erie AUing. 
EXPERIMENTAL  OBSERVATIONS 
The two dogs followed basically the same postoperative course.  Recovery from oper- 
ation was  uneventful  A  few days  after  operation,  the  presence of intraperitoueal  fluid 
was detected and weekly paracenteses were instituted.  In one dog on which the operation 
was first tried to explore ditficulties in technique, about 1 liter of clear yellow-tinged fluid was 
found in the peritoneal cavity when the animal was killed under ether anesthesia 5 days 
following application of the band.  During the recovery period, the dogs were maintained 
on the usual kennel diet of hospital scraps.  The ascitic fluid removed was reddish with a 
hematocrit of about 1.0 to 0.2 per cent.  It was rich in protein and formed a jelly-like clot on 
standing.  Electrophoretic studies showed the ascitic fluid to be of identical pattern with the 
plasma protein, though at lower levels, with elimination of the fibrinogen peak in the ascitic 
fluid (as a result of the clot formation). 460  EXPERIMENTAL ASCITES 
Collateral circulation became evident in 4 to 6 weeks following operation.  This was more 
evident in the female of the two dogs studied, since this dog had well developed mammary 
vessels, presumably  because she had had pups.  During the postoperative  period it was 
noted that the plasma protein levels diminished gradually and that the ascitic fluid gradually 
TABLE 1 
Contrasling  Effects of High  Protein and  Kennd  D~ts  (Poor Protein) 
(Dog 42-893) 
Period 
7 days  Diet 
High proteil 
High protein 
High protein 
High protein 
Kennel (poor protein) 
Kennel (poor protein) 
Kennel (poor protein) 
Kennel (poor protein) 
Kennel (poor protein) 
I 
Hems-  Concentration 
Weight  toe,it 
value  Ascific fluid  Plasma proteins  proteins 
kg.  percenl] gin.  I  A/G  gin.  A/G 
~r eft  ~q:r ¢.ott  I 
loo  32.71  6.9  1.s I 
9.7  34.01  1.4 
10.1 
10.1 
I 10.6 
9.7 
9.2 
9.6 
11.0 
10.5 
12.7 
12.3 
11.6 
10.9 
11.8 
11.0 
11.9 
11.41 
30.9 
34.5 
37.0 
35.3 
34.9 
36.1 
36.2 
35.0 
35.3 
37.0 
34.0 
29.8 
30.2 
33.4 
30.5 
Ascltiefluid 
removed 
Total  lolume protein 
c¢.  gm. 
7.4 
8.1 
7.1 
7.5] 
6.7 
7.4 
7.5 
5.4 
4.8 
5.4 
5,2 
4.9 
4.8 
4.9 
5.5 
4.8 
5.6 
1.1 
1.2 
1.2 
1.2 
1.4 
1.1 
1.0 
1.5 
1.0 
1.01 
1.1 
1.1 
0.9 
1.1 
1.3 
1.11 
5.7  1.1  520 
6.1  1.0  400 
6.0  1.3  I 1450 
6.3  1.0  400 
4.3  1.3  2500 
3.6  0.8  1850 
3.4  1.0  2000 
3.5  1.0  2540 
3.4  1.2  1820 
3.5  1.2  2350 
29.6 
24.0 
87.0 
25.2 
107.5 
66.6 
68.0 
88.9 
61.9 
m 
82,2 
increased.  At that time the kennel diet was largely a mixture of vegetable material  and 
grains (wheat and rice), and though not analyzed was definitely on the low protein side. 
About 5 weeks after the operation the dog, 42-893, was placed on a high protein diet con- 
sisting of 200 gin. cooked soy bean meal, 200 gin. of cooked horsemeat, added vitamins, and 
ferric citrate solution, with a daily nitrogen intake of 13.6 gin. 
Table 1 presents a contrast between the high protein diet and the kennel diet 
in  the  maintenance of  plasma  protein  concentration and  the  formation of MCKEE, SCHLOERB, SCHILLING, TISHKOFF, AND WHIPPLE  461 
ascitic fluid in dog 42-893.  On the high protein diet, the plasma protein con- 
centration was maintained at about 7.0 gm. per cent except on a single occa- 
sion, while the protein concentration of the ascitic fluid ranged in the neigh- 
borhood of 6.0 gin. per cent with comparable A/G ratios.  The volume of 
ascitic fluid was fairly  low except for 1 week (period 3) when 1450 cc. were with- 
drawn.  This discrepancy may be explainable on the basis of later findings 
regarding the importance of sodium chloride intake, since the dog received an 
undialyzed hambone in addition to its usual rations during period 3.  Protein 
in amounts of 29.6, 24.0, 87.0, and 25.2 gin. respectively, an average of 41 gm. 
per week, was removed in the ascitic fluid.  Hematocrit changes were neg- 
ligible. 
After 4 weeks on the high protein diet, the animal was returned to the kennel 
diet.  The effect of this diet on the plasma protein concentration was remark- 
able, the level ranging between 4.5 and 5.5 gm. per cent during the 5 weeks of 
the  experiment.  During  this  period  the  amount of ascitic fluid increased 
strikingly,  necessitating  semiweekly  paracenteses  in  some  instances.  The 
ascitic fluid protein level fell to and was maintained below 3.5 gm. per cent, 
and protein in amounts of 107.5, 66.6,  156.9, 61.9,  and 82.2 gin. respectively, 
an average of 95 gin. per week, was removed during the last 5 weeks.  Hemato- 
crit readings showed development of slight anemia, and weight increase was 
commensurate with accumulation of intraperitoneal fluid. 
Observation of the increased amount of ascitic fluid produced while the dog 
was maintained on the kennel diet, indicated the necessity for nitrogen balance 
studies.  Consequently (Table 2), the dog was shifted to the high protein diet 
of 300 gm. of cooked horsemeat daily.  The animal was next given a diet of 
sucrose, lard, bone ash, and vitamin supplements with 30 gm. of horsemeat 
and 600 mg. of iron as ferric citrate.  The nitrogen content was 1.4 gin. daily. 
Table 2 presents a continuation of Table 1.  The high plasma protein con- 
centration and low ascitic fluid output were again prominent results of the high 
protein diet.  Nitrogen balance was strongly positive.  After 3 weeks on this 
diet without remarkable change in hematocrit or fibrinogen readings, the low 
protein diet was started.  The pattern was somewhat different from that when 
the dog was on the kennel diet.  The plasma protein level fell slowly and after 
2 weeks was still above 6 gin. per cent.  Ascitic fluid production was not con- 
spicuous with protein concentration of 4.9 and 4.4 gm. per cent respectively 
for the 2 weeks and total protein removed of 31.9 and 36.9 gin. for the two 
periods.  These amounts were about one-third  of those recorded when the 
animal was on the kennel diet.  It was assumed therefore that factors other 
than protein intake were in part responsible for the variation in fluid accumula- 
tion.  One of these factors was presumed to be sodium chloride.  Consequently 
the animal was continued on the low protein diet and in addition was given 6 
gm. of sodium chloride in capsule form daily (periods 6 and 7).  Immediately 462  EXPERIMENTAL ASCITES 
the ascitic fluid accumulation increased, fluid relatively poor in protein, while 
the blood plasma protein concentration dropped below 4.5 gin. per cent.  Dur- 
ing the 2 week period while the animal was maintained on low protein diet with 
added sodium chloride, 5390 cc. of ascitic fluid containing 110.5 gin. of protein, 
and average of 55.2 gm. weekly, were removed.  In period 7  the dog refused 
TABLE 2 
Con~rastlng Effe~s  of High Prol~t Diet, Low Prol~n Did,  and 
Sodium  Chloride Added to Low Protdn Diet 
(Dog 42.893) 
Period  Diet 
7 days 
1  High protein 
2  High protein 
3  High protein 
4  Low protein 
5  Low protein 
6  Low protein 
plus NaCl 
7  Low protein 
plus NaC1 
Hemat- 
Weight  ocrit 
value 
kg.  per 
tent 
9.4  33.6 
9.6  32.0 
9.9  32.5 
9.7  30.0 
10.2  34.2 
10.0  34.8 
10.5  37.9 
10.0  37.0 
10.0  39.8 
9.3  37.4 
10.5  27.0 
10.2  31.5 
10.7  33.0 
11.0  32.0 
Concentration  Ascitic  fluid  removed 
Plasma  Ascitic  Vol-  total 
fluid  pro- 
proteins  proteins  ume  tein  "~ 
gm.  &m.  wsg. 
per  A /G  per  .4 /G  ¢¢.  gin.  per 
t~t  tent  c~t 
7.1  2.0  ....  366 
6.8  1.3  4.9  0.9  810  39.9  -- 
Nitrogenbshtnce 
gm. 
In-  Output  take 
93.6  6:540.6 
8.0  1.1  --  358  93.6  43.3 
7.8  1.0  360 
8.2  1.1  300  93.6  2.5 65.7 
7.7  1.1  5.4  1.2  300  16.2  332 
7.0  1.4  302  8.2  5.0 14.8 
6.6  --  4.9  1.9  650  31.9  245 
6.5  1.4  6.6  6.0 18.5 
6.2  1.2  4.4  1.3  840  36.9  208 
4.9  1.6  212  4.9  9.112.3 
4.3  2.2  2.6  3.3  2020 56.8  280 
i  i 
4.1  1.1  1.920.0  2220 42.2  --  0  8.510.8 
4.3-  1.0  9.0  1150 11.5  310 
all of the low protein diet but the sodium chloride was continued.  This state 
of affairs provided a  contrast to that of the previous 2 weeks when the animal 
was receiving the low protein diet alone and produced 1490 cc. of ascitic fluid 
containing 68.8 grn. of protein, an average of 34.4 gm. weekly.  Changes in the 
hematocrit  findings were  negligible and fibrinogen levels trended downwards 
as the plasma protein concentration fell.  Note the very high A/G  ratio due 
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Table 3 illustrates a  similar series of experiments performed on the second 
dog,  40-37.  During  the  2  week period  while  the  animal  was  on  the  high . 
protein diet the plasma protein level was maintained above 7.0 gin. per cent, 
no ascitic fluid was produced, and a  positive nitrogen balance was recorded. 
TABLE 3 
ConOasffng  Effects  of High  Protein Did,  Low Protein Diet,  and 
Sodium  CNoride  Added  to  Low P~otoin  Diet 
(Dog 4O.57) 
Period 
7  Diet 
days 
1  High protein 
2  High  protein 
3  Low  protein 
4  Low protein 
5  Low protein 
6  Low protein 
plus NaCI 
7  Low protein 
plus NaCI 
k,. r  , 
10.2141.7 
10.0137.1 
10.0135.4 
10.0[33.2 
I 
i 
LO.  0]31.2 
[0.5132.1 
[0.731.5 
L0.536.1 
[0.7144. 
LI.1144.9 
L1.645.8 
1.647.C 
LO.O  50.~ 
Concentration 
Pla,~ ~s  As [tic 
fl~ |d  prot, ~ins  pro  ;ins 
gm. 
per  A/G 
gm. 
per  A/G 
¢¢td  :~l 
7.0  I.C 
7.2  1.4 
7.4  1.0 
7.0  1.0 
6.3  1.2 
6.2  0.7 
5.4  0.9 
4.7  1.0 
5.3  0.6 
5.7  0.6 
3.6  1.7  2.8  0.9 
3.5  1.4  1.8  1.7 
4.1  1.0  1.~  1.0 
Ascitic 
fluid 
removed 
I  2 
¢¢.  i  gin. 
000156.fl 
500145.C 
1830129.3 
I 
Nitrogen balance 
fWt. 
take'  Ou  In-  put 
¢¢Sl [ 
244 
293162.41 --  42.6 
I 
3_ 1111. 1 -  s.3 
3251 
36411.1[-  13,9 
283 
239 11.1115.8 22.9 
315  4.7[ 4.5  9.4 
Intake 
minus 
output 
19.8 
L9 
2.8 
--2.8 
--27.4 
--9.2 
During the following 3 weeks the dog ate a  low protein diet containing 1.58 
gm. of nitrogen daffy.  The animal's weight increased 1.1 kg. and the plasma 
protein level fell gradually so that at the end of the period it was 5.7 gin. per 
cent.  This weight increase in large part surely represented the accumulation 
of ascites, and some of the 2000 cc. removed in the first part of period 6 was 
related  to  this  reaction.  The overall nitrogen  balance  for the  low protein 
period was negative with output exceeding intake by 11.1 gin. 
During the following 10 days (periods 6 and 7) the animal received 6 gin. of 464  EXP~NTAL  ASCITES 
sodium chloride daily in addition to the low protein diet.  The plasma protein 
concentration fell below 4.0 gin. per cent, and was 4.1 gin. per cent at the final 
determination.  During this 10 day period 6330 cc. of ascific fluid containing 
130.3 gin. of protein were removed, an average of 86.8 grn. weekly.  Nitrogen 
for the  period showed a  36.6 gin.  negative balance.  Hematocrit showed a 
rise during the latter part of the low protein period, and during the time when 
the sodium chloride was added to the diet.  This might well be a hemoconcen- 
tration associated with a drain of plasma protein and reduction of the circulating 
plasma  volume.  Fibrinogen  figures  showed  a  downward  trend  during  the 
period of lowered plasma protein concentration.  The results of this series of 
experiments agreed with those presented in Tables 1 and 2. 
In view of the remarkable change in both circulating plasma protein level 
and ascitic fluid production brought about by the liberal addition of sodium 
chloride to the diet, it seemed pertinent to try a  sodium-free salt mixture as 
another means of checking the relationship of the sodium ion to ascitic fluid 
production.  Through the courtesy of the Winthrop Chemical Company, we 
were able to obtain a supply of such a sodium-free mixture.  1 
Mter a 3 week rest period on a high protein diet, the final week of which is 
recorded in Table 4, dog 42-893  was placed on the standard low protein diet 
for 2½ weeks.  The results of these two trials agreed with previous data.  The 
plasma protein level stabilized at slightly unde  r 6 gin. per cent and the nitrogen 
balance  was  slightly negative.  Mter  this  introductory program,  6  gm.  of 
sodium-free salt mixture in  capsule form were given in addition to the low 
protein diet for a  10 day period.  The plasma protein level did not change 
perceptibly during this period, remaining slightly below 6 gin. per cent.  The 
animal  produced  670  cc.  of ascitic fluid containing 19.7 gm.  of protein,  an 
average of 13.1 gin. weekly, and was in slightly negative nitrogen balance for 
the  period.  There were  no  toxic effects from  the  neocurtesal,  and  animal 
remained alert, active, and in good health.  No significant changes in weight, 
hematocrit, or fibrinogen level were noted. 
Immediately following this  10 day period,  the dog was  continued for a  7 
day period on the low protein diet, but with 6 gin. of sodium chloride replacing 
the 6 gm. of sodium-free salt mixture.  Immediately the plasma protein level 
began to fall, and continued to fall steadily reaching a level of 4.2 gm. per cent 
at the end of the period.  Increased amounts of ascitic fluid were formed and 
4250 cc. containing 61.0 gm. of protein were removed.  The nitrogen balance 
was more definitely negative, while the weight increased due to the fluid ac- 
cumulation, and the hematocrit readings remained at the same anemic level. 
A  follow-up week of high protein diet was  also recorded in  this  table  to 
1  The trade name for the mixture is  "neocurtesal."  The formula for the compound is 
potassium chloride 66.0 per cent, ammonium chloride 12.0 per cent, starch  17.0 per cent, 
potassium formate 3.0 per  cent, calcium formate 1.0 per cent, and  magnesium citrate 1.0 
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illustrate  the prompt clearing of ascites,  and the recovery of plasma protein 
to former normal concentrations, with the attending positive nitrogen balance. 
After a  5 week period of rest on a  high protein diet,  the last two weeks of 
TABLE  4 
Con~asting E~ects of Sodium-Free Salt Mixture and Sodium  Chloride 
Added  to Low Protein Diet 
(Dog 42-893) 
Period 
7 
days 
Diet 
High protein 
Low protein 
I 
! Low protein 
Low protein 
Low protein 
plus sodium-i 
free salt 
kg. 
10.0 
10.2 
10.0 
10.0 
10.0 
9.8 
10.0 
9.6 
Concentration 
Plasma 
proteins 
ptt  ~"  A/G 
cent  #tmt 
28.8  7.4  0.7 
30.S  7.0  0.9 
29.7  6.6  0.7 
27.7  6.3  0.7 
Ascitic  fluid  Nitrogen balanct 
removed  gin. 
Intake  .t~  In-  minus  take  Output 
Ascltic  output 
~g  mg.  AIG  c¢.  ~s.  per 
~:ettg 
28693.~  2.257.1  34.3  36013.7 
.i 
11.1  --  14.5  -3.4 
28.7  6.1  0.7  3.3  1.5  67522.3  26511.1  5.8 12.6  --7.3 
31.2  5.9  0.4  3.C  0.9  44013.2  254 
27.3  5.9  0.7  --  295  6.3  --  6.4  --0.I 
29A  5.7  0.6  2.9  1.3  41011.9  234  6.3  1.9  6.1  --1.7 
Lowprotein  9.630.5  5.9  0.4  27411.1  1.214.6--4.7 
plus sodium-  9.229.7  5.9  0.6  3.0  0.7  260  7.8 
free salt 
Lowprotein  11.531.7  5.0  0.5  1.9  1.O  95018.1  332 
11.1  9.513.~ --12.0  plusNaCl  10.931.0  4.2  0.8  1.3  0.5 330042.9 
10.529.3  6.1  0.8  .... 
10.028.8  7.C  0.7 
High protein 
93.6. ~  .27.7  65.9 
which are shown in Table 5, the dog was given 6  gm. of neocurtesal daily in 
addition to the high protein diet for a week period.  The plasma protein level 
did not change from its former range of over 7.0 gin. per cent, there was no 
ascitic fluid production,  and the positive nitrogen balance increased. 
During the next 2½ weeks (periods 4 to 6, Table 5) 6 gin. of sodium chloride 
daily was added to the high protein diet.  A  definite change in all the deter- 466  EXPEJ~rt~.NTAL  ASC~T~S 
mlnations  occurred  almost  immediately.  The  plasma  protein  concentration 
fell from 7.3 gin. per cent to 4.9 gin. per cent in spite of nitrogen intake of over 
13 gun. per day.  The ascitic fluid production was active and 5235 cc. cont~ining 
TABLE 5 
Contrasting E.~ect~ of Sodium-Fre~ Salt Mixlure  and ,.~o4u  Chlori~ 
Added lo High Prot~ Diet 
(Dog 42-893) 
Period  Diet 
days 
1"  High protein 
2  High protein 
3  High protein 
plus sodium- 
free salt 
4  High protein 
plus NaCI 
5  "Fr;gh  protein 
plus NaCI 
6  High protein 
plus NaC1 
High protein 
7  High protein 
k&.  per 
10.532.3  7.2 
10.7 35.1  6.8 
11.0 34.8  7.3 
11.135.3  7.1 
10.535.1  7.3 
11.632.2 
10.935.1 
11.138.4 
10.537.1 
10.7  -- 
10.6 38.~ 
10.7 35. 
10.932.1 
Ascitic  Concentration  fluid  Nitrogen  balance 
removed  &m, 
Intake 
Plum~  Ascitie  i  output 
proteins  proteins  ~ 
tin.  ~mg. 
AIG  per  AIG  ¢¢.  ! g~a.  lber 
o~al  teal 
0.6  38071.5  --  64.3  7.2 
0.5  53.5  --  51.2  2.3  0.4 
0.7  91.4  --  54.3  27.1  0.4  283 
6.5  0.9  3.~  1.7  47018.3  27387.9  9.8i62.7  15.4 
5.9  0.8  3.4  --  125042.5[- 
5.7  3.1  --  I06032.~  275  12.3 
5.6  0.9  2.8  --  157544.1  237 93.6  66.1  15.2 
4.9  1.1  2.7  --  88G!23.8 28540.1  3.~ 25.7  10.6 
5.4  0.4  26853.5  --  30.6  22.9 
6.3  0.8 t  ]  302  6.0  0.6  23760.2  --  53.4  6.8 
* 3 weeks of high protein diet preceding. 
161.5 gin. of protein, a weekly average of 64.6 gin., were removed.  The nitro- 
gen  balance  remained  positive.  Hematocrit  and  fibrinogen  values  did  not 
change. 
A  10 day recovery period on a  high protein diet alone showed a  gradual re- 
turn toward a  normal plasma protein concentration with an immediate drying 
up of the ascitic fluid.  The urinary nitrogen output  returned  to the levels of 
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TABLE 6 
Contrasting Effects  of Sodium-Free Salt Nixie  and Sodium  Ckloride 
Added  to High Protei~ 
(Dog 40-37) 
Period  Diet 
days 
I  High protein 
2  High protein 
3  High protein 
Ascltic  Nitrogen bthnce  Concentration  fluid 
o  removed  &m. 
Intake 
"~  Ascltic  ~  take l  Output  minus  output 
~t~  ~  .~  _  .~ 
gin.  gin.  mg. 
k,.  ~"  ,~,  A/G  ,,,  Ale  ,.  x..  ~,, 
9.1 38.6  8.6  1.4  37765.1[I  28.0  37.1  8.8 37.2  8.3  1.3  342 
8.8 37.5  8.1  2.0  296 
51.3  --  29.5  21.8 
8.8 30.5  7.9  336 
8.9 30.2  7.7  1.1  340 58.0  --  30.4  27.6 
plussodinm-  8.9 32.6  7.4  1.1  333 
free salt 
High protein  6.9  .... 
plus sodium- 
free salt 
High protein  9.635.4  7.0  1.2  35498.0 
10.8  20.4 
44.5  53.5 
(6 wks.  on high protein diet not recorded) 
5  High protein 
6  High protein 
High protein 
7  High protein 
High protein 
plus  NaCI 
8  High protein 
plus NaCI 
High protein 
plus NaC1 
9  High protein 
plus NaCI 
High protein 
9.6 33.~ 
10.0 32.~ 
10.234.0 
10.7 35.5 
10.935.9 
11.236.8 
11.340.3 
11.138.8 
10.939.9 
8.0  0.7 
8.6  0.6 
8.3  1.2 
8.O  O.6 
5.6  1.7 
6.2  1.3  4.2 
5:1.0  3.7 
6.1  1.0  3A 
6.9  0.9 
4.7  --  70032.9 
--  220  9.2 
--  390 14.5 
26640.1 
326 84.7 
461 
322 51.3 
--  40.1 
--  53.5 
280 40.1 
180  5.!~ 35453.5 
--  --  37840.1 
--  19.3  20.8 
38.7 46.0 
I  29.9  21.4 
5.3 30.2  4.6 
1:~.3  8.7 
2.3 27.4  10.4 
0.9'35.3  17.3 
N  17.3  22.8 
Table 6  illustrates a  similar group of experiments  on dog 40-37.  The addi- 
tion of 6  gm.  daily of neocurtesal  to the high protein diet caused insignificant 468  EXPER  IM~.NTAL ASCITES 
differences in the plasma protein level for the 10 day period with no detectable 
fluid production and no great change in the nitrogen balance. 
After an interval of eight weeks on a  high protein diet alone, the final two 
of which are shown in periods 5, 6, and 7 in the table, the dog was given 6 gm. 
of sodium chloride in addition to the horsemeat diet.  The amount of ascitic 
fluid produced was not as large as noted in the first dog, probably because of 
the increasing development of collateral circulation and lessened portal stasis, 
but nevertheless significant changes were present.  The plasma protein con- 
centration dropped from 8 gin. per cent down to below 6.0 gm. per cent in the 
2 week period with the production of 1490 cc. of ascitic fluid containing 62.5 
gm. of protein.  The nitrogen balance remained positive.  This fluid produc- 
tion took place after 3 months of complete freedom from ascites. 
In addition to  the  experiments recorded above, a  few  other pertinent ob- 
servations are  available. 
Dog 40-37, which had the constricting band placed about its inferior vena cava on De- 
cember 18~ 1946, was reoperated upon January 7, 1948, at which time the vena cava was 
ligated  completely and sectioned.  The dog remained well for 9 days following this pro- 
cedure, and then became increasingly inactive, refused food, and died 13 days after the vein 
section.  At autopsy, about 1500 cc. of ascitic fluid was found.  The collateral vessels were 
weU developed in the omentum, with adhesions to the peritoneal surfaces, in the mediastinum, 
and throughout the pleural surfaces of the diaphragm.  Azygos  veins were greatly enlarged. 
Numerous adhesions, some of them of recent fibrinous nature, were present about the liver. 
The cause of  death  was  ascertained  to  be acute  pyloric  uicers with  massive intestinal 
hemorrhage. 
The liver weighed 500 gm.  The capsule showed numerous areas of greyish fibrosis and 
there were interlobar adhesions and adhesions to the diaphragm and surrounding  structures 
of both fibrinous and fibrous nature.  The parenchyma  showed numerous  large nodular 
deformities.  On section the organ showed a subcapsular zone measuring about 0.5 cm. in 
width which was markedly  congested.  There were numerous nodular areas of paler  re- 
generating tissue intermingled with dark red congested tissue.  In general the central areas 
appeared dark red and dilated against a yellowish grey background. 
Histologically, the  lobular  structure  was  fairly  well preserved.  The  subcapsular si- 
nusoids were greatly dilated so that the picture was almost hemangiomatons in some places. 
The subcapsular liver cells were large and pale and contained considerable glycogen.  The 
remainder of the parenchyma showed numerous focal necroses and the portal vessels  were 
greatly  dilated in every case. 
Another experimental animal, dog 44-180, on which a similar procedure to constrict the 
vena cava was performed on April 17, 1947, and a second procedure with complete ligation 
and section of the vena cava on July 18, 1947, was sacrificed on November 22, 1947, a period 
of 7 months intervening  since the initial operation.  At autopsy there was no ascites.  The 
collateral vessels were well developed in the mediastinum, in the omentum, and in adhesions 
about the liver.  The azyges and intercostal  veins were greatly  dilated.  The viscera in 
general were within normal limits. 
The liver weighed 660 gm.  The external surface showed a few macular areas of greyish 
fibrosis measuring up to 2 cm. in diameter.  Numerous web-like adhesions were present be- McKEE, SCHLOERB~ SCHILLING~ TISHKO]~7,  AND WHIPPLE  469 
tween the various lobes.  The organ was dark colored and congested.  It was quite firm and 
cut with resistance.  The cut surface showed a regular pattern with small greyish white areas 
against a reddish purple background.  In some areas there was a yellow mottling indicating 
a  fatty  change.  Intrahepatic  vessels were dilated.  In some areas the parenchyma was 
slightly elevated above the usual surface, and in these areas there was regenerative change. 
The gall bladder was smooth and pale and contained about 10 cc, of clear bile.  The extra 
hepatic  duets  were  patent. 
Histologically, the liver was in general close to normal.  The liver cells contained much 
glycogen  and scattered  fat droplets,  No necrosis was  observed.  Glisson's  capsule, bile 
ducts, and portal structures were normal.  There was a  marked general  and central con- 
gestion.  The stroma of the central portion of the liver lobules was somewhat thickened, but 
no large scars and no irregularity of lobulation were observed. 
These livers thus resembled those described by BoRon (4), and Zimmerman and ~ll~mAn 
(18)---a severe passive congestion with perhaps some early central fibrosis. 
Liver function tests showed negative thymol turbidity tests after more than 
1 year in dog 42-893  and dog 40-37.  Bromsulfalein clearances showed a  6 
per cent retention in dog 42-893  after 9 months, and 7 per cent retention in 
dog 40-37  after 6  months.  Dog 44-180  showed  a  2  per  cent bromsulfalein 
retention  and  a  negative  thymol  turbidity  3  days  before  sacrifice.  Blood 
chloride  determinations  fell within  normal limits,  and when  the animal was 
on a  diet with extra sodium chloride added, the ascitic fluid chlorides rose as 
the ascitic fluid proteins declined. 
DISCUSSION 
Is there a circulation of ascitic fluid--in other words is the ascitic fluid being 
constantly added  to from the portal circulation and constantly absorbed by 
the lymphatic apparatus in the diaphragm and pelvis?  It seems almost certain 
that some absorption of ascitic fluid takes place since the normal peritoneal. 
cavity promptly removes introduced fluid, plasma, and even red cells (9)  in 
considerable amounts.  In a dog with 1000 cc. of ascitic fluid one would wish 
to know just how rapid this absorption might be.  It is not safe to assume that 
when ascites is accumulating the excess fluid means the algebraic sum of the 
ascites extravasated less the total absorption from a normal peritoneal cavity. 
This question can be approached experimentally and some work is in progress. 
Plasmapheresis in standard  hypoproteinemic dogs  (10)  shows that  70 gin. 
new plasma production per week is a  high output for a  10 kg. dog.  It is ob- 
vious from many of the experiments tabulated above (Tables  1 and 3)  that 
this experimental ascites and the resulting internal plasmapheresis may produce 
95 gin. of new plasma protein in the ascitic fluid removed each week (average 
of the last 5 weeks (Table 1) on kennel diet).  This large protein output may 
be in  part  a  carry over from the  preceding high  protein  diet periods,  but, 
allowing for this and the drop in the concentration of the circulating plasma 
proteins, we have at least a normal high plasma protein output by way of the 470  ~XPF.I~ r~r~.NTAL  ASCITES 
removed ascitic fluid.  This of course suggests that the portal stasis has not 
seriously embarrassed the function of the hepatic epithelium which is important 
in the plasma protein production. 
The influence  of the sodium ion upon the accumulation of ascitic fluid, as 
observed in cardiac dropsy, is obvious in  these experiments.  We were sur- 
prised by the amount of the resulting ascific fluid.  The amount of protein in 
the diet is likewise a factor, and a high protein intake may eliminate an ascites 
which persists  on  a  moderate  or  low protein  intake.  The  changes  in  the 
circulating plasma protein concentration are definite and result from the loss 
of plasma protein by way of the ascites and the lessened  production of new 
plasma protein from the low protein diet.  There is room for study of palatable 
sodium-free seasoning  agents which have no injurious after-effects.  In simple 
portal  stasis in humans,  it may be possible to control the accumulation  of 
ascites by meticulous attention to the sodium intake and the protein content 
of the diet. 
SUMMARY  AND  CONCLUSIONS 
Constriction of inferior vena cava above the diaphragm is used to produce 
experimental ascites in the dog. 
This type of experimental ascites drains the body protein reserves,  reduces 
the level of circulating plasma proteins,  and  in effect is an interna~ pla~- 
pheresis. 
As the ascitic fluid is withdrawn and the proteins measured, we observe a 
production of ascitic protein (80-90 gin. per week) comparable to that removed 
by plasmapheresis (bleeding and replacement of red cells in saline). 
High protein diet tends to decrease the ascites but the protein content of 
the ascific fluid may increase. 
Sodium chloride increases  notably the volume of the ascites which accumu- 
lates and the total ascitic protein output increases.  Sodium-free salt mixtures 
have a negative influence. 
High protein diet low in sodium salts gives minimal  ascitic accumulation 
under these conditions. 
The question of circulation of the ascitic fluid is raised--how rapid  is the 
absorption and the related accumulation? 
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